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1
DUAL EPITAXTAL PROCESS FOR A FINFET
DEVICE

This applicationis a division of U.S. patent application Ser.
No. 12/714,796, filed Mar. 1, 2010, which is incorporated by
reference herein in its entirety.

FIELD OF THE INVENTION

This disclosure relates to semiconductor fabrication gen-
erally, and more specifically to fin field effect transistors
(finFETs).

BACKGROUND

In the rapidly advancing semiconductor manufacturing
industry, complementary metal oxide semiconductor
(CMOS) finFET devices are favored for many logic and other
applications and are integrated into various different types of
semiconductor devices. FInFET devices typically include
semiconductor fins with high aspect ratios formed vertically
with respect to a top surface of the substrate, and in which
channel and source/drain regions of semiconductor transistor
devices are formed. The fins are isolated, raised structures. A
gate is formed over and along the sides of the fins, utilizing the
advantage of the increased surface area of the channel and
source/drain regions to produce faster, more reliable and bet-
ter-controlled semiconductor transistor devices.

FIG. 1A is anisometric view of a conventional finFET 100.
The fins 105, 106 comprise raised oxide defined (OD) regions
105, 106 above a semiconductor substrate 101 (shown in
FIGS. 1C, 1D). Fins 105, 106 are separated from each other
by a shallow trench isolation (STI) region 102, and are located
between a pair of STI regions 104. The fins 105, 106 have a
step height 107 above the top surface of the STI regions 102.
Polycrystalline silicon gate electrodes 108 are formed above
the fins 105, 106. Sidewall spacers 110 are formed on both
sides of each gate electrode 110, for forming lightly doped
drain (LDD) implant regions (not shown).

FIG. 1B shows one of'the fins 106 after an epitaxial growth
step raises the surface 106¢ of the fin 106. The top portion
106¢ of the fin 106 acquires an approximately pentagonal
shape, with lateral extensions 106L. that extend in the direc-
tion of the top surface of the substrate 101 (shown in FIGS.
1C, 1D).

FIGS. 1C and 1D show the X-direction (front) and Y-di-
rection (side) elevation views of the finFET 100 of FIG. 1A,
after formation of the silicon oxide hard mask 112 and
dummy side wall spacers 110, but before the epitaxial layer
formation.

FIGS. 1E and 1F show the X-direction (front) and Y-direc-
tion (side) elevation views of the finFET 100 of FIG. 1A, after
performing dual epitaxial processing. A photoresist (not
shown) is deposited over the PMOS, and a first epitaxial
process is performed on the NMOS fin 106, forming a Si, SiP,
or SiC layer 106¢ over the fin 106 of the NMOS finFET. The
PMOS is formed by a silicon recess process, in which the
NMOS is masked by a photoresist (not shown), the silicon is
etched from the PMOS dummy fin 105 and is replaced by
SiGe, grown in the second epitaxial formation step. Thus, as
shown in FIGS. 1E and 1F, the dummy fin 105 of the PMOS
is replaced by a solid SiGe fin 124.

As shown in FIG. 1E, the epitaxial SiGe lateral extension
124L of PMOS fin 124 and lateral extension 1061 of NMOS
fin 106e extend laterally towards each other, reducing the
window between adjacent fin side extensions.
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2
SUMMARY OF THE INVENTION

In some embodiments, a method comprises forming a first
fin and a second fin extending above a semiconductor sub-
strate, with a shallow trench isolation (STI) region therebe-
tween. A space is defined between the first and second fins
above a top surface of the STI region. A first height is defined
between the top surface of the STI region and top surfaces of
the first and second fins. A flowable dielectric material is
deposited into the space. The dielectric material has a top
surface above the top surface of the STI region, so as to define
a second height between the top surface of the dielectric
material and the top surfaces of the first and second fins. The
second height is less than the first height. First and second fin
extensions are epitaxially formed above the dielectric, on the
first and second fins, respectively, after the depositing step.

In some embodiments, a method comprises forming a first
fin and a second fin extending above a semiconductor sub-
strate, with a shallow trench isolation (STI) region therebe-
tween. A space is defined between the first and second fins
above a top surface of the STI region. A first height is defined
between the top surface of the STI region and top surfaces of
the first and second fins. The first and second fins have a first
longitudinal direction. A first gate electrode is formed over
the first fin. The first gate electrode has a second longitudinal
direction normal to the first longitudinal direction. A flowable
silicon oxide or silicon nitride dielectric material is deposited
into the space. The dielectric material has a top surface above
the top surface of the STI region, so as to define a second
height between the top surface of the dielectric material and
the top surfaces of the first and second fins. The second height
is less than the first height. First and second fin extensions are
epitaxially formed above the dielectric, on the first and sec-
ond fins, respectively, after the depositing step.

In some embodiments, a finFET comprises a first finand a
second fin extending above a semiconductor substrate, with a
shallow trench isolation (STI) region therebetween. A space
is defined between the first and second fins above a top surface
of the STI region. The fins having a first longitudinal direc-
tion. A first gate electrode is over the first fin. The first gate
electrode has a second longitudinal direction normal to the
first longitudinal direction. A flowable dielectric material
layer is provided on the top surface of the ST1 region, so as to
define a step height between the top surface of the dielectric
material and the top surfaces of the first and second fins that
is smaller than a distance between the top surface of the STI
region and the top surfaces of the first and second fins. First
and second epitaxial SiGe lateral fin extensions are provided
above the dielectric, on the first and second fins, respectively.
The fin extensions extend laterally beyond side edges of the
fin below a top surface of the dielectric material.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is an isometric view of a conventional finFET.

FIG. 1B shows one of the fins of the device of FIG. 1A,
after epitaxial growth step.

FIGS. 1C to 1F show the finFET before and after epitaxial
SiGe formation on the fins.

FIGS. 2A to 2X show various stages in the fabrication of'a
finFET according to an embodiment of the disclosure.

DETAILED DESCRIPTION

This description of the exemplary embodiments is
intended to be read in connection with the accompanying
drawings, which are to be considered part of the entire written
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description. In the description, relative terms such as “lower,”
“upper,” “horizontal,” “vertical,”, “above,” “below,” “up,”
“down,” “top” and “bottom” as well as derivative thereof
(e.g., “horizontally,” “downwardly,” “upwardly,” etc.) should
be construed to refer to the orientation as then described or as
shown in the drawing under discussion. These relative terms
are for convenience of description and do not require that the
apparatus be constructed or operated in a particular orienta-
tion. Terms concerning attachments, coupling and the like,
such as “connected” and “interconnected,” refer to a relation-
ship wherein structures are secured or attached to one another
either directly or indirectly through intervening structures, as
well as both movable or rigid attachments or relationships,
unless expressly described otherwise.

The inventors have discovered that, for advanced technol-
ogy nodes (e.g., 22 nm or smaller), the epitaxial SiGe forma-
tion on the fins of a finFET narrows the window between the
lateral extensions of adjacent fins of the NMOS and PMOS
transistors so severely that bridging may occur. Even without
complete bridging, the narrowing of the window between the
adjacent fin extensions may cause voids in the first inter metal
dielectric (IMD) layer, which is deposited after completion of
the active device processing. Such voids can occur in the
space beneath and between the adjacent PMOS and NMOS
fin extensions.

FIGS. 2A to 2X show an example of a method and structure
for reducing the lateral extension of the epitaxially formed
SiGe. A flowable dielectric material is deposited over the
shallow trench isolation (STI) regions by a low pressure
chemical vapor deposition (LPCVD) process, to reduce the
step height between the top of the STT and the top of the fin
OD. By reducing this step height, a target amount of SiGe can
be formed on the fin with a reduced lateral fin extension. Thus,
the narrowing of the window between adjacent fin lateral
extensions is reduced or avoided.

In each pair of adjacent FIGS. 2A and 2B, 2C and 2D, 2E
and 2F, 2G and 2H, 2I and 2J, 2K and 2L, 2M and 2N, 20 and
2P, 2Q and 2R, 2S and 2T, 2U and 2V, 2W and 2X), the left
figure is a front (X direction) view with the longitudinal
direction of the fins 205, 206 extending into the page. The
corresponding right figure is a side (Y direction) view with
the longitudinal direction of the fin extending from left to
right in the plane of the drawing.

FIGS. 2A and 2B show the device 200 including NMOS
and PMOS structures after the fins 205, 206, polycrystalline
silicon gate conductor 208, side spacers 210 and hard mask
212 are defined, and the L.DD implant has been performed.
The device 200 includes a first fin 205 and a second fin 206
extending in a first longitudinal direction above a semicon-
ductor substrate 201, with a shallow trench isolation (STI)
region 202 therebetween, and a space 207 defined between
the first and second fins 205, 206 above a top surface of the
STI region, and a first height 2074 between the top surface of
the STIregion 202 and top surfaces of the first and second fins
205, 206. Gate electrodes 208 are formed over the first and
second fins 205, 206. The gate electrodes 208 have a second
longitudinal direction normal to the first longitudinal direc-
tion. A thin gate dielectric layer (not shown) is formed
between the fins 205, 206 and the gate electrodes 208.

Semiconductor substrate 201 may be bulk silicon, bulk
silicon germanium (SiGe), or other Group III-V compound
substrate. The substrate includes ST1 regions 202 between the
fins 205, 206.

STI formation typically includes recess formation on the Si
substrate and forming an oxide film using CVD process, such
as a low pressure CVD (LPCVD) or plasma enhanced CVD
(PECVD), then using chemical mechanical polishing (CMP)
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to remove extra STI oxide film. The STI regions may be filled
with TEOS, SiO, SiN or the like. In one embodiment, the STI
dielectric is deposited by an LPCVD process at a temperature
of over 500° C. At the conclusion of the STI formation, there
is a step height 2074 (first height) between the top of the STI
region 202 and the top of the fins 205, 206.

FIGS. 2C and 2D show deposition of a non-topography
sensitive flowable dielectric film 214 by an LPCVD process.
The film has a height above the top of the STI dielectric 202,
and at least partially fills the space 207. In some embodi-
ments, the film 214 is initially deposited to have a planar
surface 214s above the top of the fin OD 205, 206. The film
214 may be silicon oxide (SiOx) or silicon nitride (SINXx), for
example. Because of differences in the lattice size of silicon
and SiNx, use of the nitride material may result in formation
of compressive stressor regions, which may be desired for
enhancing carrier migration and improving PMOS drain satu-
ration current Idsat, without substantial degradation in
NMOS Idsat. Similarly, in other embodiments, use of SiOx
for the flowable dielectric may result in a tensile stressor
region for improving NMOS characteristics.

The flowable CVD process may be performed at a tem-
perature of about 20° C. and a pressure of about 100 kPa.
After deposition, an ozone O, curing step is performed at a
temperature of about 200° C. and a pressure of about 600 Torr
for about 10 minutes. A O2 plasma treatment step is per-
formed at a temperature of about 400° C. for about 20 seconds
to densify the flowable CVD film quality. After the O2 plasma
treatment, the etching rate using 100:1 diluted HF can be
reduced by about 80%. The surface 214s of the deposited film
214 has aheight 2075 that is higher than the top surfaces of the
fins 205, 206 by about 10 nm.

FIGS. 2E and 2F show the structure 200 after an etch back
step for etching back the top of the flowable CVD film 214
below the top surfaces of the fins 205, 206. This step may be
performed using a chemical wet etch, such as dilute hydrogen
fluoride (DHF), a plasma dry etch or a chemical dry etch
method to partially remove the CVD film 214. The resulting
etched back film 214e is shown in FIGS. 2E and 2F. The etch
back process removes the top portion of the CVD film 214
above the top surfaces of fins 205, 206, to prepare the fins for
the SiGe recess source drain process, and may etch back the
film further to a level below the top surfaces of the fins 205,
206.

The etching back step defines a second height 207¢
between the top surface of the dielectric material and the top
surfaces of the first and second fins 205, 206, such that the
second height 207¢ is less than the first height 207a. The
second height 207¢ is less than the first height 207a by a
sufficient amount to prevent merger of the first and second fin
extensions during the subsequent epitaxy steps. In some
embodiments, a ratio of the second height to the first height is
about 0.67% or less. In some embodiments, a ratio of the
second height to the first height is about 50%.

In one example, for fins 205, 206 having a width of 20 nm,
the initial step height 2074 is 30 nm, and the second height
207¢is 20 nm. Thus, the ratio of the second height 207¢ to the
first height 2074 is 67%. In another example, for fins 205, 206
having a width of 20 nm, the initial step height 207« is 40 nm,
and the second height 207¢ is 20 nm. Thus, the ratio of the
second height 207¢ to the first height 2074 is 50%.

FIGS. 2G and 2H show the dummy sidewall (DSW) depo-
sition which allows subsequent selective epitaxial growth.
First a conformal oxide (SiOx) layer 216 is formed over the
entire device. Then a conformal nitride (SiN) layer 218 is
formed over the oxide layer 216. An L.DD anneal step is also
performed.
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As shown in FIGS. 2] and 2J, a photoresist 220 is deposited
over the substrate, and a photolithographic process is per-
formed to selectively remove the photoresist 220 over the
NMOS, while keeping the photoresist over the PMOS.

Next, an anisotropic etch (e.g., a dry etch) is performed to
remove the oxide layer 216 and nitride layer 218 except for
the dummy sidewall spacers formed adjacent the NMOS gate
electrode 208. Then the photoresist 220 is removed (for
example, by ashing), as shown in FIGS. 2K and 2L..

FIGS. 2M and 2N show the first part of the dual epitaxial
process. The epitaxial Si, SiP, or SiC layer 206¢ is grown over
the exposed top and side edges of the fin 206 of the NMOS.
Because of the reduced step height (second height) 207¢
(FIG. 2E) between the top of the flowable CVD 214¢ and the
top of the fin 206, the epitaxial growth of fin 206 results in a
lateral extension distance 209 (FIG. 2M) that is less than the
lateral extension 109 (FIG. 1E). In some embodiments, the
epitaxial growth raises the top of Si, SiP, or SiC layer 206¢
about 20 nm above the top of the NMOS silicon fin 206.
Although the 20 nm height of this layer 206e is the same as the
corresponding height of the layer 106e shown in FIG. 1E, the
lateral extensions on the layer 206e are smaller, because of the
reduced step height 207¢ relative to the step height 107 of
FIG. 1E.

In FIGS. 20 and 2P, the nitride layer 218 is selectively
etched away by isotropic etching (e.g., a wet etch).

In FIGS. 2Q and 2R, another conformal nitride layer 222 is
formed over the entire device 200.

Next, a photoresist 224 is deposited and a photolitho-
graphic process is performed to remove the photoresist over
the PMOS, while leaving the photoresist 224 over the NMOS,
as shown in FIGS. 28 and 2T.

Next, anisotropic etching (e.g., a dry etch) is performed to
etch away the top portion of the PMOS fin 205, forming a
recess 223 in the top portion of the PMOS fin 205. This
etching step also removes the nitride 222 over the gate of the
PMOS. Following the etch, the photoresist 224 is removed
(e.g., by ashing), as shown in FIGS. 2U and 2V.

Next, the second epitaxial growth step is performed, grow-
ing the SiGe 224 at the top of PMOS fin 205. Similarly to the
case of the NMOS described above, the PMOS lateral exten-
sions extend beyond the side edge of the PMOS fin 205 by an
extension length 211 that is smaller than the length of the
PMOS fin extension 124L.. In some embodiments, the epi-
taxial growth raises the top of SiGe structure 224 about 20 nm
above the top of the PMOS silicon fin 205 shown in FIG. 2T.
The nitride hard mask 222 is removed by a selective etch, as
shown in FIGS. 2W and 2X.

The source/drain implants are then performed transistors.

Table 1 shows a comparison between the lateral extensions
under different conditions. All 5 row correspond to fin widths
of 20 nm. All five rows also correspond to a final SiGe top
surface that is 20 nm higher than the initial top surface of the
fins before the epitaxial processes. The nominal space is
about 50 nm between the fins 205, 206 before the epitaxial
process.

In Table 1, Row 3 corresponds to nominal conditions for
the configuration of FIGS. 1E and 1F, with a step height of 30
nm between the top surface of the STI region and the top of
the fins 106e, 124. The lateral extension due to the SiGe
growth is 24.7 nm on each side of the fins. Row 5 corresponds
to the worst case condition (with a step height of 40). The
lateral extensions are 28.2 nm on each side of the fin. This
condition could cause merger of adjacent fins, or a void
beneath the SiGe lateral extensions, because of a decrease in
the window between the fin extensions. Row 1 corresponds to
FIGS. 2W, 2X, where the step height between the top surface
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of the flowable dielectric layer 214e and the top of the fins
205, 206 is only 20 nm. The lateral extension is reduced to
21.2 nm, preventing merger between adjacent fins, and leav-
ing sufficient window between the fins so that the etch stop
layer (not shown) and IMD (not shown) subsequently depos-
ited over the finFET are able to enter and fill the space
between the fin extensions, avoiding formation ofa void in the
IMD.

TABLE 1
Lateral
Comment STEP HEIGHT SiGe raise Extension
1 FIGS.2W, 2X 20.0 20.0 21.2
2 25.0 20.0 23.0
3  FIGS. 1E, 1F, 30.0 20.0 24.7
nominal
4 35.0 20.0 26.5
5 FIGS. 1E, IF 40.0 20.0 28.2
worst

case

In the embodiment shown in FIGS. 2A to 2X, the SiGe
recess process is only performed on the PMOS (the PMOS
SiGe recess source drain, or PSSD step). The PSSD step
forms a recess in place of the top of the fin 205, to gain larger
SiGe volume, as shown in FIGS. 2W and 2X, and PSSD etch
will stop on the original Si surface.

In other embodiments (not shown) an NMOS Si, SiP, or
SiC recess source drain (NSSD) step is performed on the
NMOS fin 206, also forming a recess in place of the top of the
NMOS fins. In embodiments having the NSSD step, a larger
Si, SiP, or SiC volume is performed on the NMOS.

In other embodiments (not shown), a single epitaxial
growth step is used, and the PMOS fin is processed in the
same manner as the NMOS fin, without using the Si recess.

Although the invention has been described in terms of
exemplary embodiments, it is not limited thereto. Rather, the
appended claims should be construed broadly, to include
other variants and embodiments of the invention, which may
be made by those skilled in the art without departing from the
scope and range of equivalents of the invention.

What is claimed is:

1. A finFET comprising:

afirst fin and a second fin extending above a semiconductor
substrate, with a shallow trench isolation (STI) region
therebetween, and a space defined between the first and
second fins above a top surface of the STI region, the fins
having a first longitudinal direction;

a first gate electrode over the first fin, the first gate electrode
having a second longitudinal direction normal to the first
longitudinal direction;

aflowable dielectric material layer on the top surface ofthe
STI region, so as to define a step height between the top
surface of the dielectric material and the top surfaces of
the first and second fins that is smaller than a distance
between the top surface of the STI region and the top
surfaces of the first and second fins; and

first and second epitaxial SiGe lateral fin extensions above
the dielectric, on the first and second fins, respectively,
the fin extensions extending laterally beyond side edges
of the fin above a top surface of the dielectric material.

2. The finFET of claim 1, wherein at least one of the first

and second fins has arecess in a top portion thereof, the recess
filed with epitaxial SiGe.

3. The finFET of claim 1, wherein a ratio of the distance to

the step height is from about 50% to about 67%.
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4. The finFET of claim 1, wherein the space between the
first and second fins is about 50 nm.

5. The finFET of claim 1, wherein the step height between
the top surface of the dielectric material and the top surfaces
of the first and second fins is from 20 nm to 25 nm.

6. The finFET of claim 1, wherein the fin extensions have a
height about 20 nm above a height of the first fin and the
second fin.

7. The finFET of claim 1, wherein the first and second
lateral fin extensions are separated from each other by a space.

8. A finFET comprising:

afirst fin and a second fin extending above a semiconductor
substrate, with a shallow trench isolation (STI) region
therebetween, and a given distance of about 50 nm
between the first and second fins above a top surface of
the STI region, a given first height between the top
surface of the STI region and top surfaces of'the first and
second fins;

a flowable dielectric material between the first and second
fins, the flowable dielectric material having a top surface
above the top surface of the STI region, so as to define a
second height from 20 nm to 25 nm between the top
surface of the dielectric material and the top surfaces of
the first and second fins; and

first and second fin extensions above the flowable dielec-
tric, on the first and second fins, respectively, the firstand
second fin extensions having a height about 20 nm above
the first height of the first and second fins, the first and
second fin extensions separated from each other by a
space.

9. The finFET of claim 8, wherein the first fin includes a
source and a drain of an NMOS transistor, and the second fin
includes a source and a drain of a PMOS transistor.

10. The finFET of claim 9, wherein the first fin extension on
the first fin comprises Si, SiP or SiC.

11. The finFET of claim 10, wherein the second fin exten-
sion comprises SiGe.

12. The finFET of claim 8, wherein the one of the first fin or
second fin has a recess in a top thereof, the recess filed with
SiGe.
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13. The finFET of claim 8, wherein the dielectric material
is silicon oxide.

14. The finFET of claim 8, wherein the dielectric material
is silicon nitride.

15. The finFET of claim 8, wherein the first height is from
30 nm to 40 nm.

16. A finFET comprising:

afirst fin and a second fin extending above a semiconductor
substrate, with a shallow trench isolation (STI) region
therebetween, and a given distance of about 50 nm
between the first and second fins above a top surface of
the STI region, a given first height between the top
surface of the STI region and top surfaces of the first and
second fins;

a flowable dielectric material between the first and second
fins, the flowable dielectric material having a top surface
above the top surface of the STI region, so as to define a
second height from 20 nm to 25 nm between the top
surface of the dielectric material and the top surfaces of
the first and second fins; and

first and second fin extensions above the flowable dielec-
tric, on the first and second fins, respectively, the firstand
second fin extensions separated from each other by a
space, wherein the first fin extension on the first fin
comprises Si, SiP or SiC and the first fin has a recess in
atop thereoffilled with Si, SiP or SiC, and the second fin
extension comprises SiGe, and the second fin has a
recess in a top thereof filled with SiGe.

17. The finFET of claim 16, wherein the first fin includes a
source and a drain of an NMOS transistor, and the second fin
includes a source and a drain of a PMOS transistor.

18. The finFET of claim 16, wherein the dielectric material
is silicon oxide.

19. The finFET of claim 16, wherein the dielectric material
is silicon nitride.

20. The finFET of claim 16, wherein the first height is from
30 nm to 40 nm.



